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LIQUID CRYSTAL COMPOSITION AND LIQUID CRYSTAL DISPLAY ELEMENT 



) 



BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a chiral nematic liquid crystal composition, for 
which the temperature dependency of tiie natural pitch and the temperature dependency 
of the wavelengtii selective reflection are minimal and the low temperature storage 
stability is excellent in a bistable liquid crystal display element, and a liquid crystal 
display element comprising the same. 

Description of Related Art 

In bistable liquid crystal display elements, m order to induce a twisted 
orientation, a chiral nematic liquid crystal composition containing an optically active 
compound with a liquid crystal compounds are used, and it is already known that 
increasing ti^e content C (weight %) of the optically active compound causes a reduction 

in the natural pitch P (^m), and that for content C values up to several dozen % by 

weight, the relationship whereby the product of P and C remains constant often applies. 

Accordingly, the helical twisting power: HTP (l/^mi) is defined by tiie following 

formula: 

HTP = l/(PxOmC) 

(wherein C (weight %) represents tiie amount added of the optically active compound, 
and P (^m) represents tiie natinral pitch). This value is used as an evaluation parameter 
for tiie twisting power unique to that particular optically active compound. 

In a chiral nematic liquid crystal, for a planar state in which the helical 



axis IS 



perpendicular to the substrate, selective reflection based on Bragg reflection theory 
occurs. The wavelength of that selective reflection is represented by the following 
formula: 

(wherein, X represents the wavelength selective reflection, n represents the average 
refractive index of the liquid crystal, and P represents the natural pitch). 

In order to achieve bistability characteristics, the natural pitch must be less than 
approximately 3 \mi, and in order to achieve a wavelength selective reflection in the 
visible light spectrum, the natural pitch must be no more than 0.5 ^mi, and consequently, 
an extremely large amount of the optically active compound must be added. However, 
addition of a large amount of optically active compound can cause problems, including a 
narrowing of the liquid crystal temperature range, and potential precipitation of the chiral 
compound during low temperature storage, leading to a deterioration in low temperature 
storage stability. The use of an opticaUy active compound with a large HTP value is 
one method that is effective in reducing the amount of the optically active compound that 
must be added, and a compound represented by the formula (Vl-e) shown below has been 
disclosed in Japanese Unexamined Patent Application, First Publication No. Sho 
63-51359 and Japanese Unexamined Patent Application, First Publication No. Hei 
6-265899. 



(Vl-e) 




MO 



However, the above publications disclosed only that the temperature dependency of the 
natural pitch was negative when the compound was used in a STN liquid crystal 
composition, and examples of applications of the compound to bistable liquid crystal 
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display elements using selective reflection are unknown. 

On the other hand, because the natural pitch shows a temperatvire dependency, 
the natural pitch fluctuates with the temperature, and variations in temperature cause 
variations in factors such as the display quality and the operating voltage. As a result, 
5 liquid crystal compositions for which the temperature dependency of the natural pitch is 
small, and the temperature dependency of the wavelength selective reflection is also 
small, have been keenly sought. 

A technique for reducing the temperature dependency of the natural pitch and 
the temperature dependency of the wavelength selective reflection by combining 

10 optically active compounds with left and right helical induction directions has been 
disclosed in Japanese Unexamined Patent Application, First Publication No. Sho 
55-38869. However, this technique is not particularly efficient since sections develop in 
which the heliced twisting power cancel each other out, and because the amount of the 
optically active compoimd must be increased to cope with this problem, the liquid crystal 

1 5 temperature range narrows. 

Another liquid crystal composition for reducing the temperature dependency of 
the natural pitch and the temperature dependency of the wavelengtii selective reflection, 
by combining an optically active compovuid for which the temperature dependency of the 
natural pitch is positive, and a compound for which the temperature dependency is 

20 negative, has been disclosed in Japanese Unexamined Patent Application, First 

Publication No. Hei 7-258641 . Specifically, a composition is disclosed that combines a 
compound with a positive temperature dependency represented by a formula (Vl-a) 
shown below: 

CH3 



CsHn <^ V-OC^(^\ (Cj^ ( Vl-a ) 



and a compound with a negative temperature dependency represented by a formula 
(Vl-b) shown below. 

/ \ ^ 

c,oH2,o-<|Q;^oc-^;|Q;^och-C6H,3 ( Vl-b ) 

Here, the description of the natural pitch temperature dependency as positive 
means that as the temperature rises the pitch increases (stretches). In contrast, a 
negative natural pitch temperature dependency means that as the temperature rises the 
pitch decreases (shrinks). However at a temperature of 20°C, the HTP value of the 
compound represented by the formula (Vl-a) is from 5 to 6, and the HTP value of the 
compound represented by the formula (Vl-b) is from 1 to 2, which is extremely small. 
In order to achieve a bistable Uquid crystal using these optically active compounds, 
approximately 80% by weight of the optically active compounds would need to be added. 
Addition of this type of extremely large amount of optically active compounds is 
impossible from a practical standpoint, and even if it were possible, it is clear that the 
liquid crystal temperature range would be extremely narrow. 

In addition, another method for reducing the temperature dependency of the 
natural pitch, comprising a liquid crystal composition combining an optically active 
compoimd represented by a formula (VI-c) shown below: 



C2H3 

CsHjtO— (( )) {{ )V-COO-CH— (( )> (VI-c) 




"5 / ^ 



and an optically active compound represented by a formula (Vl-d) shown below: 

CgHnO— <|^)— COO-H^I^)— COO-CH-C6H13 ( Vl-d) 

has been disclosed in PCX hitemational Publication No. W097/29167, and the 
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temperature dependent variation in pitch are reported as 0.07% per 1°C. However, the 
liquid crystal composition disclosed in PCT International Publication No. W097/29167 
is a STN liquid crystal composition, and in a composition capable of selective reflection, 
the wavelength selective reflection varies from 560 mn to 580 nm, namely from green to 
yellow, for a temperature variation from 0 to 50°C. making the composition unsuitable 
for practical use. Furthermore, a liquid crystal composition containing a large amount 
of the optically active compounds disclosed in PCT hitemational Publication No. 
W097/29167 in order to cause selective reflection also shows problems associated with 
low temperature storage stability. 

In addition, a composition combining an optically active compound (product 
name: R-101 1) represented by a formula (Vl-f) shown below: 






CsHu (Vl-f) 



and an optically active compound (product name: R-81 1) represented by a formula (Vl-g) 
shown below: 



C6H,30-H(^y-CO(>-H(^)_COO-S-C5Hn 



CH3 
I 

15 - " — \v_y/~^^^!F"~^6Hi3 (vi-g) 

has been disclosed in Japanese Unexamined Patent Application, First Publication No. 
Hei 11-323338 and Japanese Unexamined Patent Application. First Publication No. Hei 
11-305187. This combination of optically active compounds shows a small natural 

pitch temperature dependency, and is widely used as a liquid crystal composition with 
20 selective reflection. However, the optically active compound R-1011 shows poor 

solubility, and liquid crystal compositions using this compound tend to have problems 

associated with low temperature storage stability. 



IS 
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As a result, a chiral nematic liquid crystal composition, for which the 
temperature dependency of the natural pitch and the temperature dependency of the 
wavelength selective reflection are minimal and the low temperature storage stability 
excellent, together with a chiral nematic liquid crystal composition with a broad liquid 
crystal temperature range, have been keenly sought. 



SUMMARY OF THE INVENTION 
An object of the present invention is to provide a chiral nematic liquid crystal 
composition, for which the temperature dependency of the natural pitch and the 
10 temperature dependency of the wavelength selective reflection are minimal and the low 
temperature storage stability is excellent, and a chiral nematic Hquid crystal composition 
with a broad liquid crystal temperature range, for use in a bistable liquid crystal display 
element, and a bistable liquid crystal display element comprising the composition. 

In order to achieve the above object, the present invention provides a liquid 
15 crystal composition as described below, together with a liquid crystal display element 
that utilizes such a composition. 

In other words, the present invention prx>vides a chiral nematic liquid crystal 
composition and a bistable liquid crystal display element comprising the liquid crystal 
composition, comprising one, or two or more optically active compounds represented by 
20 general formula (I-a): 

CH3 . . 

R'- A'-Z'-^|Q>_C00'^^^"^O' ^ > 

Y' 

(wherein * indicates the position of an asymmetric carbon atom; 

R' represents an alkyl group having 1 to 10 carbon atoms, an alkenyl group having 2 to 
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10 carbon a.„™s. a fluorme atom, a oMoriae atom, a bromi.^ atom, aa iodine atom, a 
cyano g,„„p. or an isoaiocyanate group, fte alkyl group „r fte alkcnyl g„>„p may be 
eiU,er unsubstimted. or may be substtMed wid, a, lea« one fluorine aton, chlorine atom, 
oyano group, meftyl group or tf fluoromeftyl group, and a. leas, one med,ylene group 
5 wiUun die alkyl group or d,e alkenyl group may be .ubstitted »iu> either -CO- g^up, or 

»ith oxygen atom or -COO- group, provided oxygen atoms a,^ no. bonded .ogefter 

directly; 

A' represents a 1.4.pheny.ene g„>up. I.4.yclohexylene group, 1.4-cyclohexenylene 
group, tettahyd,„pyran-2,5-diyl group, l,3^oxane.2,5-diyl group 
.0 .et.ahyd„>d.opynm.2.5.diy. group, l,4-bicyclo[2A2]o«y,ene g^up! 
decahydronapthalene-2,6^y, group, pyridine-2,5-diyl group, pyrimidi„e.2.5-diyl group, 
pyrazinc-2,5-diyl group, l,2,3,4.totahydK,naphthalene.2,6^y, g,«p, 2,6.naphd,yle„e 
g«>up, phenand«ne.2,7.diyl group, 9.10Klihydrophenanthrene-2.7siiyl group, 
lA3,4,4a,9,10aK>ctehydrophenanftre„e-2,7-diyl group, or fluorene.2.7-diyl group, and 
15 U,e l,4.phenylene g^up. l,2,3,4.te.rahydronaphduaene.2.6^y, group, 2,6-naphthylene 
group, phenanfl,rene.2,7^yl group, 9,10-dihyd™phenan.hrene.2,7-diyl g^up, 
l,2,3,4,4a,9,10a-octahydrophenanthrene-2,7^yl group, or flu„r«^2,7-diyl gn,up may 
be either unsubsdtuted, or may be substimted ™th a, least one fluorine atom, chlorine 
atom, Wfluoromethyl group, trifluOK>med>oxy group, or methyl group; 
20 Z' represents a single bond, or -CO-. -COO-, -0C0-, -CH=N., -N-CH-, -C^C-. 
-CH.CH.-, -CH.CH.CHa-. -CH.CHaCH.CH... .CH.O.. -OCH.-, .CF.O., -OCF.-,' 
-CH.N-N=CH., -CF-CF., -CH-CH-. .CH.CH.CH=CH.. -CH=CHCH.CH.., or 
-CHiCH^CHCH.-; and 

y repre^nts a hydrogen atom, an alkyl group having 1 to 10 carbon atoms, an alkenyl 
25 group havmg 2 to 10 carbon atoms, a fluorine a,om. a chlorine atom, a bromine atom, an 
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iodine atom, a cyano group, or an isothiocyanate group, the alkyl group or the alkenyl 
group may be either unsubstituted, or may be substituted with at least one fluorine atom, 
chlorine atom, cyano group, methyl group or trifluoromethyl group, and at least one 
methylene group within the alkyl group or the alkenyl group may be substituted with 
5 either -CO- group, or with oxygen atom or -COO- group, provided oxygen atoms are not 
bonded together directly), and 

one, or two or more optically active compounds represented by general formula 

ai-a): 

R4p'-L'-^p2_l2_p3_r3 ( 11.^ ) 

10 (Wherein and r3 each independenUy ^present a hydrogen atom, a fluorine aton,. a 
chlorine atom, a bromine atom, an iodine a«>n,, a cyano group, a phenyl group, an alkyl 
group having I ,o 10 carbon atoms, or an alkenyl group having 2U>10 carbon att,ms. and 
the alkyl group or the alkenyl group may be either unsubstituted. or may be substituted 
^vith at leas, one fluorine atom, chlorine atom, cyano group. mefl,yl group or 
15 fi^fluoromethyl group, and a. leas, one me%lene group yAm, the alkyl group or the 
alkenyl group may be substituted wifl, either -CO- group, or with' oxygen atom or -COO- 
group, provided oxygen atoms are not bonded together directly; 

P' and each represent, independently, the same meaning as the group A' in the general 
formula (I-a); 

20 P' represents either the same meaning as the g,«up A' in the general fonnula a-aX or a 
1.3-phenylene group, and the l.3-phenyle„e group may be eiflrer unsubstituted, or may 
be substimted with a. least one fluorine atom, chlorine atom, trifluoromethyl group, 
trifluoromethoxy group, or methyl group; 

L' and each independently represent a single bond, or -CO-. -COO-, -OCO-. -C^-, 



-CH2CH2-, -CH2CH2CH2-, -CH2CH2CH2CH2-, -CH2COO-, -CH2OCO-, -CH2O-, -OCH2-, 
-CF2O-, -OCF2-, -CH=N-N=CH-, -CF=CF-, -CH^CH-, -CH2CH2CH=CH-, 
.CH=CHCH2CH2-, -CH2CH=CHCH2-, or -COOCH2CH2OCO-, and a hydrogen atom of 
a C-H linkage in -CH2CH2-, -CH2CH2CH2-, -CH2CH2CH2CH2-, -CH2COO-, -CH2OCO-, 
-CH2O-, -CH2CH2CH=CH-, -CH-CHCH2CH2-, or -COOCH2CH2OCO- may be 
substituted with an alkyl group having 1 to 5 carbon atoms (in which at least one of the 
hydrogen atom in the alkyl group may be substituted with a fluorine atom), or a phenyl 
group; and 

s represents 0, 1, or 2, and in the case in which s=2, the plurality of and groups may 
represent the same group or different groups, although at least one of R^, R^, and 
must be an optically active group), with the same helical twisting direction as the 
compound represented by the general formula (I-a), a helical twisting power: HTP of at 
least 3, and for which the natural pitch that is induced upon addition to a nematic liquid 
crystal increases with rising temperature. 

A liquid crystal composition of the present invention is a chiral nematic liquid 
crystal composition for which the temperature dependency of the natural pitch and the 
temperature dependency of the wavelength selective reflection are minimal and the low 
temperature storage stability is excellent, which provides a large effect in improving the 
display quality of a bistable liquid crystal display element. Furthermore, by using a 
liquid crystal composition of the present invention, a bistable liquid crystal display 
element with excellent low temperature storage stability can be produced. 

DETAILED DESCRIPTION OF THE INVENTION 
While preferred embodiments of the invention have been described and 
illustrated above, it should be imderstood that these are exemplary of the invention and 
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are not to be considered as limiting. Additions, omissions, substitutions, and other 
modifications can be made without departing from the spirit or scope of the present 
invention. Accordingly, the invention is not to be considered as being limited by the 
foregoing description, and is only limited by the scope of the appended claims. 

As follows is a more detailed description of examples of the present invention. 
For a compound represented by the general formula (I-a), the temperature characteristics 
of the natural pitch that is induced upon addition to a nematic liquid crystal are negative. 
In this compoimd, the group is preferably a hydrogen atom, an alkyl group having 1 to 
5 carbon atoms, an alkenyl group having 2 to 5 carbon atoms, a fluorine atom, a chlorine 
atom, a bromine atom, an iodine atom, a cyano group, or an isothiocyanate group 
(wherein the alkyl group or the alkenyl group may be either unsubstituted, or may be 
substituted with at least one fluorine atom, chlorine atom, trifluoromethyl group, methyl 
group, and at least one methylene group within the alkyl group or the alkenyl group may 
be substituted with either -CO- group, or with oxygen atom or -COO- group, provided 
oxygen atoms are not bonded together directly), and more preferably a hydrogen atom, 
an alkyl group having 1 to 3 carbon atoms, an alkenyl group having 2 to 3 carbon atoms, 
a fluorine atom, a chlorine atom, a bromine atom, or an iodine atom (wherein the alkyl 
group or the alkenyl group may be either unsubstituted, or may be substituted with at 
least one fluorine atom, chlorine atom, trifluoromethyl group, cyano group or methyl 
group, and at least one methylene group within the alkyl group or the alkenyl group may 
be substituted v^th either -CO- group, or with oxygen atom or -COO- group, provided 
oxygen atoms are not bonded together directly), and even more preferably a hydrogen 
atom, a fluorine atom, a methyl group, a trifluoromethyl group, a methoxy group, or a 
trifluoromethoxy group, and most preferably a hydrogen atom. 

The group A^ is preferably a 1 ,4-phenylene group, 2-fluoro-l,4-phenylene group. 
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3-fluoro-l,4-phenylene group, 2,6-difluoro-l,4-phenylene group, 

3.5- difluoro-l,4-phenylene group, 1,4-cyclohexylene group, 
decahydronapthalene-2,6-diyl group, l,2,3,4-tetrahydronaphthalene-2,6-diyl group, or 

2.6- naphthylene group, more preferably a 1,4-phenylene group, 2-fluoro-l,4-phenylene 
group, 3-fluoro-l,4-phenylene group, 2,6-difluoro-l,4-phenylene group, 
3,5-difluoro-l,4-phenylene group, or 1,4-cyclohexylene group, and even more preferably 
a 1,4-phenylene group or 1,4-cyclohexylene group. 

The group 7) is preferably a single bond, or -CH2CH2-, -C=C-, -COO- or -OCO-, 
and most preferably a single bond. The group R' is preferably an alkyl group having 1 
to 6 carbon atoms or an alkenyl group having 2 to 6 carbon atoms (wherein at least one 
methylene group within the group may be substituted with oxygen atom, provided 
oxygen atoms are not bonded together directly), and the alkenyl group is preferably 
represented by one of the formulas (Vll-a): 



(Vll-a) 

(wherein the structural formulas are linked to the ring through the right end). 

In addition, compounds represented by the general formula (I-a) in which: 
R' is an alkyl group having 1 to 10 carbon atoms or an alkenyl group having 2 to 10 
carbon atoms (wherein the alkyl group or the alkenyl group may be either unsubstituted, 
or may contain at least one fluorine atom, trifluoromethyl group, or methyl group, and at 
least one methylene group within the alkyl group or the alkenyl group may be substituted 
with either -CO- group, or with oxygen atom or -COO- group, provided oxygen atoms 
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are not bonded together directly), 

a' represents a 1,4-phenylene group or a 1,4-cyclohexylene group, 

Z' represents a single bond, or -COO-, -OCO-, -C=C-, or -CH2CH2-, and 

Y' represents a hydrogen atom, an alkyl group having 1 to 3 carbon atoms, an alkenyl 

group having 2 to 3 carbon atoms, (wherein the alkyl group or the alkenyl group may be 

either unsubstituted, or may be substituted with at least one fluorine atom, and at least 

one methylene group within the alkyl group or the alkenyl group may be substituted with 

either -CO- group, or with oxygen atom or -COO- group, provided oxygen atoms are not 

bonded together directly), or a fluorine atom, a chlorine atom, a bromine atom, or an 

iodine atom are preferred, and 

compounds represented by the general formula (I-a) in which: 
R' is an alkyl group havmg 1 to 10 carbon atoms or an alkenyl group having 2 to 10 
carbon atoms (wherein the alkyl group or the alkenyl group may be either unsubstituted, 
or may contain at least one fluorine atom, trifluoromethyl group, or methyl group, and at 
least one methylene group within the alkyl group or the alkenyl group may be substituted 
with oxygen atoms, provided oxygen atoms are not bonded together directly), 
a' represents a 1,4-phenylene group or a 1,4-cyclohexylene group, 
Z' represents a single bond, and 

represents a hydrogen atom, a methyl group, a methoxy group, a trifluoromethyl 
group or a trifluoromethoxy group is particularly preferred. 

Specific examples of particularly preferred compounds include those 
represented by general formula (Vll-b) through general fonnula (Vll-e) shown below. 
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CH3 

-COO^H-^ 



(Vll-b) 




( VII-c ) 




CH, 




OCH3 

C00iH^<Q> 

OCH3 



(Vll-d) 



( Vll-e ) 



(wherein * indicates the position of an asymmetric carbon atom, R'^ represents an alkyl 
group having 1 to 6 caibon atoms or an alkenyl group having 2 to 6 carbon atoms, and at 
least one methylene group within the group may be substituted with oxygen atoms, 
provided oxygen atoms are not bonded together directly). The compounds represented 
by the general formula (Vll-b) in which R- is an alkenyloxy group having 2 to 6 carbon 
atoms are the most desirable. 

The compounds represented by the formula (I-a) have large HTP values, and 
amongst these compounds, those compounds with the larger HTP values are preferred. 
Specifically, the HTP value of the compound is preferably at least 8, and even more 
preferably 12 or greater, and most preferably 16 or greater. 

In the formula (H-a), the groups P> and P^ are each preferably a 1,4-phenylene 
group, 2-fluoro-l,4-phenylene group, 3-fluon>- 1,4-phenylene group, 
2,6-difluoro-l,4.phenylene group, 3,5-difluoro-l,4-phenylene group, 1,4-cyclohexylene 
group, pyrimidine-2,5-diyl group, decahydronapthalene-2.6-diyl group. 
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l,2,3,4-tetrahydronaphthalene-2,6-diyl group, or 2,6-naphthylene group, and even more 
preferably a 1,4-phenylene group or 1,4-cyclohexylene group. 

The group is preferably a 1,4-phenylene group, 1,4-cyclohexylene group or 
1,3-phenylene group, and even more preferably a 1,4-phenylene group or 1,3-phenylene 
group. 

The groups and l? are each preferably a single bond, or -CO-, -COO-, -OCO-, 
-CsC-, -CH2CH2- or -CH2CH2CH2- (wherein a hydrogen atom of a C-H linkage in 
-CH2CH2- or -CH2CH2CH2- may be substituted with an alkyl group having 1 to 5 carbon 
atoms, and at least one of the hydrogen atom in this alkyl group may be substituted with 
a fluorine atom), and even more preferably a smgle bond, or -COO-, -CsC-, or -CH2CH2- 
(wherein a hydrogen atom of a C-H linkage in -CH2CH2- may be substituted with a 
methyl group or a trifluoromethyl group). 

The groups and R"* are each preferably a hydrogen atom, an alkyl group 
having 1 to 8 carbon atoms, an alkenyl group having 2 to 8 carbon atoms (wherein the 
alkyl group or the alkenyl group may be either unsubstituted, or may contain at least one 
fluorine atom, trifluoromethyl group or methyl group, and at least one methylene group 
within the alkyl group or the alkenyl group may be substituted with either -CO- group, or 
with oxygen atom or -COO- group, provided oxygen atoms are not bonded together 
directly), or a cyano group, a fluorine atom or a chlorine atom. 

Specific examples of preferred compounds include those represented by general 
formula (II-4) through general formula (II-6) shown below. 
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(11-4) 



X24 



X 



20 ( II-5 ) 




-[P'-Lij/QV-Z^-OT^ ( II-6 ) 



(wherein R^, R^, p', P^, and each represent the same meaning as described in 
relation to the general formula (Il-a); * indicates the position of an asymmetric carbon 
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atom, R represents an alkyl group having 1 to 6 carbon atoms or an alkenyl group 
having 2 to 6 carbon atoms, at least one methylene group within the group may be 
substituted with oxygen atoms, provided oxygen atoms are not bonded together directly, 
and at least one hydrogen atom within the group may be substituted with a fluorine atom; 
X^", X^', X^, X^ and X^"* each independently represent a hydrogen atom, a fluorine atom, 
or a chlorine atom; Z' and Z'° each independently represent a single bond or -CH2-, 
-CH2CH2-, -0-, -COCH2-, -CH2CO-, -OCH2-, or -CH2O-; and represents a hydrogen 
atom, a fluorine atom, a chlorine atom, a bromine atom, an iodine atom, an alkyl group 
having 1 to 10 carbon atoms, or an alkenyl group having 2 to 10 carbon atoms, and at 
least one methylene group within the group may be substituted with oxygen atoms, 
provided oxygen atoms are not bonded together directly, and at least one hydrogen atom 
within the group may be substituted with a fluorine atom; although in the general formula 
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(IM) and the general formula (II-5), at least one of and must be an optically 
group) 



active 




(11-15) 



X* ^ — < ^ 

x^, x» 




X» 



x-" 



r20 




Examples of preferred compounds represented by the general formula (IIA) 
include the compounds represented by general formula (11-7) through general formula 

(n-19). 

(wherein R^° and R^' each independently represent a cyano group, a fluorine atom, an 
alkyl group having 1 to 8 carbon atoms or an alkenyl group having 2 to 8 carbon atoms, 
the alkyl group or the alkenyl group may be either unsubstituted, or may contain at least 
one fluorine atom, chlorine atom, trifluon>methyl group or methyl group, and at least one 
methylene group within the group may be substituted with either -CO- group, or with 
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oxygen atom or -COO- group, provided oxygen atoms are not bonded together directly; 
anoA ,A ,x ,X andX each mdependently represent a hydrogen atom, a fluorine 
atom or a chlorine atom; although at least one of R^" and must be an optically active 
group) 

Of the compounds represented by the general formula (US), compounds 
represented by the general formula ai-20) shown below are preferred. 

F 

(11-20) 




(wherein and R^ each independently represent an alkyl group having 1 to 8 carbon 
atoms or an alkenyl group having 2 to 8 carbon atoms, at least one methylene group 
10 within the group may be substituted with oxygen atoms, provided oxygen atoms are not 
bonded together directly, and at least one hydrogen atom within the group may be 
substituted with a fluorine atom; and R^ must be an optically active group) 

Of the compounds represented by the general formula (II-6), compounds 
represented by the general formula (11-21) shown below are preferred. 

R^«-A^-Z-_^py_Z'2-L-<;P) ( 11-21 ) 
15 V* 

(wherein R^^ represents a fluorine atom, a chlorine atom, a bromine atom, an iodine atom, 
a cyano group, an alkyl group having 1 to 10 carbon atoms, or an alkenyl group having 2 
to 10 carbon atoms, and at least one methylene group withm the group may be 
substituted with either -CO- group, or with oxygen atom or -COO- gn,up, provided 
20 oxygen atoms are not bonded together directly; * indicates the position of an asymmetric 
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carbon atom; 

>24 



10 



15 



R'" represents an alkyl group having 1 to 5 carbon atoms or an alkenyl group having 2 to 
5 carbon atoms, at least one methylene group within the group may be substituted with 
either -CO- group, or with oxygen atom or -COO- group, provided oxygen atoms are not 
bonded together directly, and at least one hydrogen atom within the group may be 
substituted with a fluorine atom; 

Z" represents a single bond, or -CO-, -COO-, -OCO-, -C^C-, or -CH2CH2-; 
Z'^ represents -CH2., -CH2CH2-, -O-, -COCH2-, -CH2CO-, -OCH2-, or -CH2O-; 

represents a hydrogen atom, a fluorine atom, a chlorine atom, a bromine atom, an 
iodine atom, a methyl group, a trifluoromethyl group, a methoxy group or a 
trifluoromethoxy group; and 

represents a 1,4-phenylene group, 2-fluoro-l,4-phenylene group, 
3-fluoro-1.4-phenylene group, 2,6-difluoro- 1,4-phenylene group, 

3,5-difluoro-l,4-phenylene group, or 1,4-cyclohexylene group) 

Furthermore, of the compounds represented by the general formula (Il-a), 
compounds represented by the general formula (11-31), the general formula (n-32) or the 
general formula (n-33) shown below is even more preferred. 

(11-31) 




»MQ>-COO^^;Qy_COO-R« (11.32) 

H3C 

r44_ A'5_z32_/^''^\/^^ ( H-33 ) 




(wherein R^' represents an alkyl group having 1 to 10 carbon atoms or an alkenyl group 
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having 2 to 10 carbon atoms, the alky! group or the alkenyl group may be either 
unsubstituted, or may contain at least one fluorine atom, trifluoromethyl group or methyl 
group, at least one methylene group within the alkyl group or the alkenyl group may be 
substituted with either -CO- group, or with oxygen atom or -COO- group, provided 
oxygen atoms are not bonded together directly, and the alkyl group or the alkenyl group 
has at least one asymmetric carbon atom; * indicates the position of an asymmetric 
carbon atom; 

R'*^ and R"^ each independently represent a fluorine atom, a chlorine atom, a bromine 
atom, an iodine atom, a cyano group, an alkyl group having 1 to 10 carbon atoms, or an 
alkenyl group having 2 to 10 carbon atoms, at least one methylene group within the alkyl 
group or the alkenyl group may be substituted with either -CO- group, or with oxygen 
atom or -COO- group, provided oxygen atoms are not bonded together directly, the alkyl 
group or the alkenyl group may be either unsubstituted, or may contain at least one 
fluorine atom, chlorine atom, trifluoromethyl group or methyl group, and at least one of 
R'*^ and R'*^ contains at least one asynmietric carbon atom; 

R**^ represents a cyano group, a fluorine atom, a chlorine atom, an alkyl group having 1 
to 6 carbon atoms, or an alkenyl group having 2 to 6 carbon atoms, the alkyl group or the 
alkenyl group may be either unsubstituted, or may contain at least one fluorine atom, 
chlorine atom, trifluoromethyl group or methyl group, and at least one methylene group 
within the alkyl group or the alkenyl group may be substituted with either -CO- group, or 
with oxygen atom or -COO- group, provided oxygen atoms are not bonded together 
directly; 

7}^ represents -CO-, -COO-, -OCO-, -C=C-, or -CH2CH2-; 

A'^ represents a 1,4-phenylene group, 2-fluoro-l,4-phenylene group, 
3-fluoro-l,4-phenylene group, 2,6-difluoro- 1,4-phenylene group. 
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3,5-difluoro-l,4-phenylene group, or 1,4-cyclohexylene group; and 
Y" represents a hydrogen atom, a fluorine atom, a chlorine atom, a bromine atom, an 
iodine atom, a methyl group, a trifluoromethyl group, a methoxy group or a 
trifluoromethoxy group) 

Specific examples of the general formula (11-33) include the compounds 
represented by general formula ai-22) through general formula (11-26) shovm below. 

-CH2-CH-VQ) (n-22) 



R25_ 






r25_ 


o- 










NC — 












X\ 






F — < 







CH3 
CH2— CH 



CH3 



( 11-23 ) 



(n-24) 



(11-25) 



Nc-^Y^y-oco 

X52/ 




CH3 



(11-26) 



(wherein * indicates the position of an asymmetric carbon atom; R^^ represents an alkyl 
group having 1 to 6 carbon atoms or an alkenyl group having 2 to 6 carbon atoms, at 
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least one methylene group within the group may be substituted with oxygen atoms, 
provided oxygen atoms are not bonded together directly, and at least one hydrogen atom 
within the group may be substituted with a fluorine atom; X^^ and X^^ each 
independently represent a hydrogen atom, a fluorine atom, or a chlorine atom; and 
represents a hydrogen atom, a fluorine atom, a methyl group, a trifluoromethyl group, a 
methoxy group, or a trifluoromethoxy group) 

In addition, of the compounds represented by the general formula (11-31), the 
general formula (11-32) and the general formula (11-33), compoimds represented by the 
general formulas (11-31) and (11-32) are the most preferred. 

However, of these compounds of the general formulas (II-l) to (11-33), only 
compounds which show the same helical twisting direction as the first component, have a 
helical twisting power of at least 3, and for which the temperature characteristics of the 
natural pitch that is induced upon addition to a nematic hquid crystal are positive, are 
usable for the present invention. 

The helical twisting power was measured at IS^'C of a liquid crystal composition 
(Z) by adding 1% by weight of a compound shown below (wherein % refers to % by 
weight). 
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(Z) 



These compounds represented by the general formula (Il-a) preferably have an 
HTP value of at least 4, and values of 7 or greater are even more preferred. 

By suitably combining this type of material for which the temperature 
dependency of the natural pitch is positive, with a material represented by the general 
formula (I-a) for which the temperature dependency of the natural pitch is negative, the 
temperature dependency of the natural pitch can be reduced, and moreover, because the 
compound represented by the general formula (1-a) has a large HTP value and shows 
excellent compatibility, a chiral nematic liquid crystal composition with excellent low 
temperature stability can be produced. 

Furthermore, because compounds represented by the general formula (11-31) or 
the general formula (11-32) is comparatively easy to procure, the cost of combinations 
with a compound represented by the general formula (I-a) can be kept comparatively low. 

The amount added of the compound represented by the general formula (I-a) is 
preferably within a range from 3 to 20% by weight, and even more preferably from 5 to 
1 5% by weight. The amount of the compound represented by the general formula (Il-a) 
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is preferably within a range from 3 to 30% by weight, and even more preferably from 5 
to 25% by weight, and most preferably from 5 to 15% by weight. 

In order to reduce the driving voltage, a compound represented by general 
formula (IV) with a strongly polar group is also preferably added to the composition. 



(IV) 



(wherein R" represents an alkyl group having 1 to 10 carbon atoms, or an alkenyl group 
having 2 to 10 carbon atoms, the alkyl group or the alkenyl group may be either 
unsubstituted, or may contain at least one fluorine atom, chlorine atom, trifluoromethyl 
group or methyl group, and at least one methylene group within the alkyl group or the 
alkenyl group may be substituted with either -CO- group, or with oxygen atom or -COO- 
group, provided oxygen atoms are not bonded together directly; 

Z'* and each independently represent a single bond, or -CO-, -COO-, -OCO-, -CH=N-, 
-N=CH-, -CsC-. -CH2CH2-, -CH2CH2CH2-, -CH2CH2CH2CH2-, -CH2O-, .OCH2-, 
-CF2O-, -OCF2-, -CH=N-N=CH-, -CF=CF., -CH=CH-, -CH2CH2CH=CH., 
-CH=CHCH2CH2-. or-CH2CH=CHCH2-; 

A'* and each independently represent a 1,4-phenylene group, a 1,4-cyclohexylene 
group or a pyrimidme-2,5-diyl group, and the l,4.phenylene group may be either 
unsubstituted, or may contain at least one fluorine atom, chlorine atom, trifluoromethyl 
group, trifluoromethoxy group or methyl group; 

and X<^ each independently represent a hydrogen atom, a chlorine atom or a fluorine 
atom; and 

n represents either 0 or 1) 
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The group R^* with the general formula (IV) is preferably an alkyl group having 
1 to 6 carbon atoms, or an alkenyl group having 2 to 6 carbon atoms (wherein at least one 
methylene group within the group may be substituted with oxygen atoms, provided 
oxygen atoms are not bonded together directly), and the alkenyl group is preferably one 
5 of the group from the formulas (Vll-a). The groups 7^ and are preferably either 
single bonds or -COO- groups, and compounds in which 7} is a single bond and is 
either a single bond or a -COO- group are particularly preferred. The groups A"* and 
each preferably represent a 1,4-phenylene group, 2-fluoro-l,4-phenylene group, 
3-fluoro-l,4-phenylene group, 2,6-difluoro- 1,4-phenylene group, 
1 0 3,5-difluoro- 1 ,4-phenylene group, 1 ,4-cyclohexylene group, or pyrimidine-2,5-diyl group, 
and a 1,4-phenylene group or a 1,4-cyclohexylene group are particularly preferred, n is 
preferably 0. Specific examples of these preferred compounds include the compounds 
represented by general formula (IX-e) through general formula (IX-k) shown below. 





rll 



^17 



rll 



y12 



X 
F 



(IX-e) 



(IX-f) 



(IX-g) 



CN (IX-h) 



-CN (IX-i) 




(IX-j) 




(IX-k) 



(wherein R'^ represents an alkyl group having 1 to 6 carbon atoms, or an allcenyl group 
having 2 to 6 carbon atoms, and at least one methylene group within the group may be 
substituted with oxygen atoms, provided oxygen atoms are not bonded together directly; 
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and X", and X'^ each independently represent a hydrogen atom, a fluorine atom 

or a chlorine atom. 

The addition amount of the compound represented by the general formula (IV) 
within a range from 10 to 65% by weight is preferable, and the addition of the compound 
5 represented by the general fonnula (IV) within a range from 20 to 60% by weight is even 
more preferable. It is preferable that the content of the compound represented by the 
general formula (I-a) be from 3 to 20% by weight, the content of the group of compounds 
represented by the general formula ai-1), the general formula (II-2), and the general 
formula (II-3) be from 3 to 30% by weight, and the content of the compound represented 
10 by the general formula (IV) be 10 to 65% by weight It is even more desirable that the 
content of the compound represented by the general formula (1-a) be from 3 to 15% by 
weight, the content of the group of compounds represented by the general formula 01-1), 
the general formula (II-2) and the general formula (II-3) be from 3 to 15% by weight, and 
the content of the compound represented by the general formula (IV) be from 10 to 60% 
15 by weight. 

A bistable liquid crystal typically utilizes selective reflection in a planar state in 
which the helical axis is perpendicular to the substrate. It is well known that the fiiU 
width at half maximum (AX) of that selective reflected light is represented by the 
following formula: 

20 

(wherein An represents the refractive index anisotropy of the liquid crystal composition, 
and P represents the natural pitch). As a result, by using a liquid crystal composition 
having a large An value is used, a bright display can be achieved. Accordingly, addition 
of either a compound represented by general formula (III): 
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==^-0>-R" (III) 

(Wherein and R'« each independently represent an alkyl group having 1 to 10 carbon 
atoms, or an alkenyl group having 2 to 10 carbon atoms, the alkyl group or the alkenyl 
group may be either unsubstituted, or may contain at least one fluorine atom, chlorine 
5 atom, trifluoromethyl group or methyl group, and at least one methylene group within the 
alkyl group or the alkenyl group may be substituted with either -CO- group, or with 
oxygen atom or -COO- group, provided oxygen atoms are not bonded together directly; 

represents a single bond, or -CO-, -COO-. -OCO-, -CH=N-, -N=CH-, -C^C-. 
-CH2CH2-, -CH^CHaCHa-. -CH2CH.CH.CH2-, -CH^O-, -OCH^-, -CF^O-, -OCF^-, 
10 -CH=N-N=CH-, -CF=CF-, -CH=CH-, -CH.CH.CH=CH-, -CH=CHCH.CH3-, or 
-CH2CH=CHCH2-; 

represents a 1,4-phenylene group or a 1,4-cyclohexylene group, and the 1,4-phenylene 
group may be either unsubstituted. or may contain at least one fluorine atom, chlorine 
atom, trifluoromethyl group, trifluoromethoxy group or methyl group; 
15 X', X^ and X^ each independently represent a hydrogen atom, a fluorine atom, a 
chlorine atom or a methyl group; and 

m represents either 0 or 1), or a compound represented by general fonnula (V): 



N-N 



(V) 



(wherein R'^ and R'^ each independently represent an alkyl group having 1 to 10 carbon 
20 atoms, or an alkenyl group having 2 to 10 carbon atoms, the alkyl group or the alkenyl 
group may be either unsubstituted, or may contain at least one fluorine atom, chlorine 
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atom, trifluoromethyl group or methyl group, and at least one methylene group within the 
alkyl group or the alkenyl group may be substituted with either -CO- group, or with 
oxygen atom or -COO- group, provided oxygen atoms are not bonded together directly) 
is preferred. 

In the general formula (III), the groups R' and R'« preferably each represent an 
alkyl group having 1 to 6 carbon atoms, or an alkenyl group having 2 to 6 carbon atoms 
(wherein at least one methylene group within the group may be substituted with oxygen 
atoms, provided oxygen atoms are not bonded together directly), and the alkenyl group is 
Pi^ferably one of the groups from the fonnulas (Vll-a). Tl,e group is preferably a 
1,4-phenylene gn,up. 2-fluoro.l.4-phenylene group. 3.fluoro-1.4-phenylene group. 
2.6-difluoro-1.4.phenylene group, 3,5-difluoro-1.4-phenylene group, or 
1,4-cyclohexylene group, and a 1.4-phenylene gr^up or a 1,4-cyclohexylene group is 
particularly preferred. is preferably a single bond, or -COO-, -OCO-, or -CH^CHa-, 
and a single bond and -COO- are particularly desirable. X', X^ and X^ preferably 
each represent a hydrogen atom or a fluorine atom, and hydrogen atoms are particularly 
desirable. Specific examples of these preferred compounds include the compounds 
represented by general formula (DC-a) through general formula (IX-d) shown below 
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(IX-a) 



.15 



Xg Xio 

x^ 



.16 



(IX-b) 




.16 



(IX-C) 




(IX-d) 



(whe.i„ and R" each indepeadeady „=p,e^, an alky. g„,up having , to 6 carbon 
atoms, or an alkenyl group having 2 U> 6 cart»n aton^ and a, leas, one ^eAylene group 
«iMn fte group may be substoted wid, oxygen atoms, provided oxygen aton« are no. 
bonded togefter direcfly; Z> represent a single bond or <:00.; and X', X», X' and X'» 
each independemly represen. a hydiogen alom or a fluorine atom) 

to U,e general formula (V), fte groups R- and R" p„ferably each ,ep,«en. an 
alkyl group having l ,o 6 carbon atoms, or an alkenyl group having 2 ,„ 6 carbon atoms 
(whereto a. leas, one meUtylene group wiftin 4e group may be substimted ,vift oxygen 
atoms, provided oxygen atoms are no, bonded together di^cdy), and the alkenyl group is 
preferably one of the groups from flie formulas (VU-a). 

Tl« amount added of d,e compounds represented by the general fonnula (I„) 
a.«i ac general fonnula (V) is preferably withto a range flom 20 to 60% by weighs and 
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even more preferably from 30 to 50% by weight of a composition. Compositions in 
which the compound represented by the general formula (I-a) comprises 3 to 20% by 
weight, the group of compounds represented by the general formula ai-1), the general 
formula (II-2) and the general formula (11-3) comprises 3 to 30% by weight, and the 
5 compounds represented by the general formula (III) and the general formula (V) account 
for 5 to 60% by weight ar« preferred, and compositions in which the compound 
represented by the general formula (I-a) comprises 3 to 15% by weight, the group of 
compounds represented by the general formula (II-l), the general formula (II-2) and the 
general formula (II-3) comprises 3 to 15% by weight, and the compounds represented by 
10 the general formula (III) and the general formula (V) account for 20 to 60% by weight 
are even more desirable. 

Combining compounds represented by the general formula (HI) and the general 
formula (V), with a compound represented by the general formula (IV) is preferred in 
terms of achieving a high reflectance and a low driving voltage. The amounts added of 
15 these compounds are preferably from 3 to 15% by weight for the compound represented 
by the general formula (I-a). from 3 to 15% by weight for the group of compounds 
represented by the general formula (II-l). the general formula (II-2) and the general 
formula (11-3), and from 50 to 80% by weight for the group of compounds represented by 
the general formula (IV). the general formula aH) and the general formula (V), and 
20 compositions in which the compound represented by the general formula (I-a) comprises 
3 to 15% by weight, the group of compounds represented by the general formula (II-l), 
the general formula (II-2) and the general formula (II-3) comprises 3 to 15% by weight, 
the group of compounds represented by the general formula (III) and the general formula 
(V) comprises 10 to 40o/o, and the compound represented by the general formula (IV) 
25 comprises 10 to 40% by weight are even more desirable. 
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By employing the invention described above, a chiral nematic liquid crystal 
composition can be obtained for which the temperature dependency of the natural pitch 
and the temperature dependency of the wavelength selective inflection are mmimal and 
the low temperature storage stability is excellent, to addition, of these liquid crystal 
compositions, a composition described below is able to also provide a broader liquid 
crystal temperature range. 

In other words, a liquid crystal composition comprising: 

from 5 to 150/0 by weight of at least one optically active compound represented 
by general fonnula (I-b): 

CH3 . . 



) Y^^ 



(whe^in . fadicates U,e posidon of an asyn^eWc carbon a«,n,; r3« rep«s«,s an alkyl 
group having 1 ,0 10 carbon aton« or a„ alkenyl g„,„p having 2 u> 10 carbon aton^, 
alkyl group or alkenyl group may be cifter unsubsfltaKd. » n«y conWn at leas, one 
fluorine aton, Mflnoronreftyl group, or mettyl group, and leas, one meftylene group 
wiftin fte alkyl group or the alkenyl group may be subsdtuted with either -Ca group, o, 
with oxygen atom or -COO- group. p„,vided oxygen atoms are not bonded togefter 
directly; 

A'" represents a l.4-phenylene group or a 1,4-cycJohexylene group; and 

Y'» represa^s a hydrogen atom, a methyl group, a methoxy group, a trifluorome%l 

group, or a trifluoromethoxy group), 

fiom 3 to 15% by weight of at least one compound selected from a g„>up 
consisting of optically active compounds tep^nted by geneml formda (Il-d) and 

general fonnula (Il-e): 




(when^ta R» and ^^^^ ^ _ ^ 

carbon atoms or an alicen,, g„„p having 2 ,0 carbon atoms. U,e alky, group or 
aikeny, group unsubsdmted. or may conuin a, leas, one fluorin. a.om 

5 Wluor^nefty. g„,up. or m.U,y, group, although R- and R- must have a, leas, one 
asymmeMo carbon atom, and a, leas, one methylene group wiflun the alky. g,o„p „, 
alkeny. g^up may be substi„«ed ™th eiflter -CO- group, or with oxygen ^ or -COO- 
^oup, provided oxygen atoms are no. bonded .og^er direcUyX wid, fl.e same helical 
twisting direction as d.e firs, component, and for „hich the nann^ pitch ^ is induced 
10 upon addition to a „ema«c liquid crystal inceases with rising tempera,„„, and 

ftom 20 u> 50% by ,veigh. of a. leas, one compound «p.esen,ed by general 
fonnula (IV-b): 



X'5 

■CN (IV-b) 

(wherein R" represents an alky. g.up having . ,o .0 carbon atoms or an alkeny, g.oup 
.5 having 2 to .0 carbon atoms, and a. .eas. one mea,y.ene group within the g^up or 
aUcenyl g^up may be substeed wiU, oxygen atoms, provided oxygen atoms are no. 

bonded together directly; 

A' and A- each i.depend««.y a ,.4-pheny.ene g„,up. a .,4.yc.ohexy,ene 

^oup or a pyrimidine.2.5.diy, group, and U« ,.4.pheny.e„e group may be eifter 
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un.ub.«,uted. or U su^^ „ ^ ^ ^ ^^^^^ 

2* represents a single bond, -COO- or -CH2CH2-; 

X'= and X" each independentty represent a hydrogen atom, a fluorine aton. or a chlorine 



atom; and 



5 '™'"'*«Oorl.a.tho„ghift=Othe«Z'represe«sasi,g,ebond),sprefened. 

The gro^, Y'« „f ^ compound represented by .he general formula (I-b) is 
prefembly a hydrogen atom, a methyl gtoup, a methoxy group, a trifluoromethyl group or 
a trifluon.methoxy g,„„p, even more preferably a hydt^gen atom or a me^oxy g„,„p 
and most pref«ably a hydtogen atom. TT« group a'» is pteferably a l,4.phenylene 
0 g^up or a l,4.oyclohexy,ene group, and most preferably a 1.4-pheny,ene group. The 
group R3«is preferably an allcyl group having 1 to 6 carbon atoms or an alkenyl group 
having 2 to 6 carbon atoms (wherem at leas, one mefl.ylene group «ithin the group may 
be substituted with oxygen atoms, provided oxygen atoms are not bonded together 
direcUy). and 00. of *e allcenyl groups represented by the formulas (VD-a) is even more 



preferred. 



Specific examples of these preferred compounds include U,e compounds 
-P-ented by general fonnula (Vl-h) through general fonnula (VH) shown l«,„w. 
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(Vl-h) 



.45 




n 



CH3 
-COOCH 



n 




(Vl-i) 



CH3 

I 



^QMO/-^^°^«-^i^ ( vi-j ) 

0CH3 

CH3 



R 



45 



0CH3 



(Vl-k) 



(wherein * indicates the position of an asymmetric carbon atom; R"*^ represents an alkyl 
group having 1 to 6 carbon atoms or an alkenyl group having 2 to 6 carbon atoms, and at 
least one methylene group withm the group may be substituted with oxygen atoms, 
provided oxygen atoms are not bonded together directly), and the compoxmds represented 
by the general formula (Vl-h) in which R^^ is an alkenyloxy group having 2 to 6 carbon 
atoms are the most preferred. 

The amount added of the compound represented by the formula (I-b) is 
preferably from 5 to 15% by weight, and even more preferably from 8 to 14% by weight 
of a composition. 

The compounds represented by the general formula (I-b) have large HTP values, 
and amongst these compounds, those compounds with the larger HTP values are 
preferred. Specifically, the HTP value of the compound is preferably at least 8, and 
even more preferably 12 or greater, and most preferably 16 or greater. 

In the general formula (Il-d) and the general formula (Il-e), the groups R^* and 



35 

33 

R have at least one asymmetric carbon atom. Specifically, optically active groups 
represented by general formula (V-b) shown below are preferred, 
CH3 

R"^^— CH-M— ( V-b ) 

(wherein * indicates the position of an asymmetric carbon atom; R"*^ represents an alkyl 
group having 1 to 6 carbon atoms or an alkenyl group having 2 to 6 carbon atoms, and M 
represents a single bond or an alkylene group having 1 to 3 carbon atoms, and at least 
one methylene group within said alkylene group may be substituted with either -CO- 
group, or with oxygen atom or -COO- group, provided oxygen atoms are not bonded 
together directly), groups in which R"*^ is an alkyl group having 1 to 6 carbon atoms are 
particularly desirable, and groups in which M is an alkylene group having 1 to 3 carbon 
atoms are also particularly desirable. 

The group R^^ in the general formula (Il-e) is preferably an alkyl group having 1 
to 8 carbon atoms or an alkenyl group having 2 to 8 carbon atoms (wherein the alkyl 
group or the alkenyl group may be either unsubstituted, or may contain at least one 
fluorine atom, trifluoromethyl group, or methyl group, and at least one methylene group 
within the alkyl group or the alkenyl group may be substituted with either -CO- group, or 
with oxygen atom or -COO- group, provided oxygen atoms are not bonded together 
directly). 

Specific examples of particularly preferred compounds include the compounds 
represented by general formula (Vll-f) or general formula (Vll-g) shown below, and 
compounds represented by the general formula (Vll-g) are the most preferred. 
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CHi 



R^-iH-CH^OMQ) 



(VI I -g) 



(wherein * indicates the position of an asymmetric carbon atom, and R^^ and R^' 
each independently represent an alkyl group having 2 to 8 carbon atoms) 

The HTP value of compounds represented by the general formula (Il-d) and the 
5 general formula (Il-e) are preferably at least 4, and even more preferably 7 or greater. 
Furthermore, the amount added of these compounds is preferably within a range from 3 
to 15% by weight, and even more prefei^bly from 5 to 11% by weight of a composition. 

The compound represented by the general formula (IV-b) is a necessary 
component for reducing the driving voltage. In addition to the compounds represented 
10 by the general formula (IV-b), compounds that are typically used for reducing the driving 
voltage include compounds represented by general formula (VIII) shown below: 

X4i 

R--A--COO-^^-CN (vni) 



X42 



(Wherein R^» represents an alkyl group having 1 to 10 carbon atoms or an alkenyl group 
having 2 to 10 carbon atoms, represents a 1,4-phenylene group or a 

15 l,4.cyclohexylene group, and X^' and X*^ each independently represent a hydrogen atom 
or a fluorine atom), although compositions which incorporate larger amounts of 
compounds represented by the general formula (IV-b), that is, compounds with structures 
in which the cyclic structure is bonded directly, are better able to suppress the amount of 
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the added optically active compounds to lower levels. 

Of the compounds represented by the general formula (IV-b), compounds 
represented by the general fonnula (IV-a) are preferred. 
X31 



having 2 .0 ,0 carbon a.on,», and a, leas, one meftylene group ™uUn Ae aUcyl group or 
ae aUcen,, group be substi««ed wi4 oxygen ^-.^ ^ 

bonded together directly; 

A" rep^,3 a ..4-phe„y,ene gK.p, a 1.4^yelohe>cyle„e group or a 
.0 P,™nidine-2.5^y, group, and .,4.p,,eny,e„e group .ay be eifter unsub.«n.W or 
may be sub«in«ed wid, a, leas, one fluorine a«,n, or chlorine a«>m; and 

X" and X- each hKlependenUy represcn, a hydrogen a,on,, a fluorine a.om. or a chlorine 
atom) 

group R» in genenU fonnula (IV-a) is prefeiably an alkyl group having 
> 5 1 U, 5 carbon a,on. or an altenyl group having 2 ,„ 5 carbon a«,n« (whcin a, leas, one 
meftylene group ™Unn alkyl group or d.e allcenyl group nu,y be sub«iu«ed wid, 
eid.er ^O- group, or ^ oxygen aton. or ^OO- group, provided oxygen a,on>s a. no. 
bonded ,ogcfl,er dir^y). of such groups, if conrpounds in which flre g^up R« is an 
alicyl group having 2 or 3 carbon au,n. or an allcenyl g.up having 2 or 3 carbon a,on. 
20 accoun, for a, leas, 70% by weigh, of d,e general fonnula (IV-a). Uren d« an.oun. of 
added opaeall, acttve compounds can be suppiessed. which is desirable. 

TT« group A" is p.fe«bly a 1.4.phenylene group or a 1.4.yc,ohexylcne group 
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(wherein the 1,4-phenylene group may be either unsubstituted, or may be substituted 
with at least one fluorine atom), and 1,4-cyclohexylene group are particularly preferred. 

The groups X^' and X^^ each preferably represent a hydrogen atom or a fluorine 
atom, and compounds in which at least one of these groups is a fluorine atom are 
particularly preferred. 

Specific examples of particularly prefeired compounds mclude the compounds 
represented by general formula (IX-1) through general formula (K-n) shown below 

F 

(IX-1) 





( IX-m ) 




CN (ix-n) 



(wherein R^' represents an alkyl group having 1 to 5 carbon atoms or an alkenyl group 
having 2 to 5 carbon atoms (wherein at least one methylene group within the group may 
be substituted with oxygen atoms, provided oxygen atoms are not bonded together 
directly) 

The amount added of the compound represented by the general formula (IV-b) is 
preferably within a range from 20 to 50% by weight, and even more preferably from 23 
to 40% by weight of a composition. 

In addition, in terms of achieving high reflectance and low viscosity 
characteristics, liquid crystal compositions containing at least one compound selected 
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from the group of compounds represented by the general formula (Ul-a) and the general 
formula (V-a) shown below are preferred. 



A. \ 



>36 



(Ill-a) 



X^^ X 

(wherein R^^ r3^ and R- each independently represent an alkyl group having 1 to 
5 10 carbon atoms or an alkenyl group having 2 to 10 carbon atoms, and at least one 
methylene group within the alkyl group or the alkenyl group may be substituted with 
either -CO- group, or with oxygen atom or -COO- group, provided oxygen atoms are not 
bonded together directly; 

Z represents a smgle bond, or -CO-, -COO-, -OCO- or -CH2CH2-; 
0 represents a 1,4-phenylene group or a 1,4-cyclohexylene group, and the 

1,4-phenylene group may be either unsubstituted, or may contain at least one fluorine 

atom, chlorine atom, trifluoromethyl group, trifluoromethoxy group or methyl group; 

X'\ X3^ X^* and X^^ each independently represent a hydrogen atom, a fluorine atom, a 

chlorine atom or a methyl group; and 
p represents either 0 or 1) 

hi the general formula (Ill-a) and the general formula (V-a), the groups 
R'' and r3» preferably each represent an alkyl group having 1 to 8 carbon atoms or an 
alkenyl group having 2 to 8 carbon atoms (wherein at least one methylene group within 
the alkyl group or the alkenyl group may be substituted with either -CO- group, or with 
oxygen atom or -COO- group, provided oxygen atoms are not bonded together directly). 



and even ^ „ ^ ^ ^ ^ ^ ^ ^ 

alkenyl having 2 ,o 5 carbon a.o.s (wherein a. iea« „ne n,emylene group wifldn 
U.e a«.„ group or «,e aitery, group nray b. sub«i«ed oxygen .u^. provided 
oitygen atoms are not bonded together directly). 

•n.egroupZ»isp,eferabiyadnglebondora-COO.group.thegroupsX» X", 
X- and X- p^ferably each represent a hydrogen atom or a fluorine atom, and A" is 

— y a ,.4.pheny,ene group or a ..4.ycIohexy,ene group (wherein the 
1.4.pheny.ene g„>„p may be either unsubstituted. or may be substitute, with at leas, one 
fluorine atom, methyl group, or chlorine atom), and even more preferably a 
1,4-cyclohexylene group, pis preferably I. 

Specific examples of particularly preferred compounds include the compounds 
by general formula (X-a) through gener^ fonnula (X-e) *own below. 
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^'^-^c^c-^,. ^^^^ 



>52 




X43 ^5 



y44 v46/^ 



r53 




(X-d) 



(X-e) 

" '^'^'^ - - , . . 

are not bonded together directive 720 ^ 

"P-™" » single lx,„d or -coo., and X^'^X- 

. we.^. ana ^^^^ 
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P^ferab,, aceoun. 50 «, 80% ,y weigh, of a co»p„sifi.n. Companions in wWch 
fte compound rep™ by fte genenU fo^ula (I-b) comprises 5 .0 150/, 

group Of compou^^s comprising fte compounds represen^d by «.e genenj fon„„,a 
(IM) and *e general formula (n.) accom., for 3 «. ,5% by weigh, ^e compound 
5 represented by ^ 3^.,, ^ ^.^^ ^ ^ ^ 

of compounds ,epres««ed by flre genera, fi,^^, ^ ^ ^ ^ 
comprises 25 10 40% by weigh, are even more desirable. 

Because a,e HTP value of *e c^npound represented by Are genera, formula 
a-b) is higher U«n «,e HTP values of ,he compo„„as represenred by d,e genera, formula 
■0 ai-d) or are general formula („.X of «,e po.en«al combina«ons of compounds 
^«en,ed by ^ rom.^ ^ ^ ^ ^^^^ ^^^^ ^ 

genera, formula Ol-e, aimed a, «,„ein, d,e ,emp^,u^ .^pendency of ,he naUrra, pi,oh 
and ,he waveleogft ,elec«ve reflecdon. combinations in which «.e proportion of fte 
compound represented by ^ genenU fo^ula (l-b, is la^er. enable greater .eductions in 
.5 *e amoun. of optically active compounds ti« mus, be added in o.^ .0 achieve tire 
desired wavelengtir selective «flectio. By using a compound ,epresen,ed by tire 
genera, fo^ula (W-b, as a compound for reducing tire driving vohage. combinations in 
whrch tire proportion of tire compo».d represented by tire genera, fomrula a-b, is large 
can be really enabling tire amoun. of added optically active compound .0 be .educed 

20 eventeher. ^s a resul,. a composition witi. a broader li,uid cys«, temperature nmge. 
lower viscosity, and a more rapid response time can be produced. 

Ti. natural pi,ch of a chira, nematic li,uid crystiU compo^tion of tire p^sen, 
invention a. 25-C is p.fe.bly wititin a range fiom 0.1 to 3 ^. even mo. 
preferably from 0.2 to 1 ^m. 

Furtire^rore. ti« parameter AW„,. which is defined using tire following 
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foimula, and represents the temperature dependency of the wavelength selective 
reflection across the temperature range from 0 to 50°C: 



AW = 

' 0-50 



Ao+^« 50 



(wherein h> represents the wavelength selective reflection (nm) at 0°C, and X50 represents 
the wavelength selective reflection (nm) at 50°C) is preferably no more than 0.05, and 
even more preferably no more than 0.03, and most preferably 0.01 or smaller. 

Although a liquid crystal composition of the present mvention can be used with 
any type of liquid crystal display element, it is particularly suited to use with bistable 
liquid crystal display elements. Bistable liquid crystal display elements using a liquid 
crystal composition according to the present invention have a broad operating 
temperature range, and show little variation in display quality upon variations in 
temperature. 
Examples 

As follows is a more detailed description of the present invention based on a 
series of examples, although the present invention is in no way restricted to the examples 
presented below. In the compositions of the examples and the comparative examples 
below, the units "%" refer to "% by weight". 

Tni : Nematic phase-isotropic liquid phase transition temperature (°C) 
The parameter AW that represents the temperature dependency of the 
wavelength selective reflection is defined by the formula shown below. 

2(^.->^J .. 100 



AW = 



A + A b-a 



(wherein k represents the wavelength selective reflection (nm), and a, b 
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temperatures rC). so that AWa-b represents the parameter representing the temperature 
dependency of the wavelength selective reflection within a temperature range fiom a»C 
to b°C, represents the wavelength selective reflection at a°C, and represents the 
wavelength selective reflection at b°C) 

Furthermore, the low temperature storage tests within the examples were 
conducted using a method wherein 0.5 g of a Uquid crystal composition was placed in a 
test tube, the composition was degassed for 15 minutes and the atmosphere replaced with 
nitrogen, and the test tube was then sealed with a stopper. The test tubes containing the 
liquid crystal composition were then placed in different thermostatic chambers for 240 
hours at -20OC, O'C or I50C, and the compositions were then inspected to ascertain the 
state of the phases and detect the presence of any precipitation. 
(Example 1) 

As a sample of a liquid crystal composition, 1% of the compound represented by 
the formula (Vl-e) was added to a liquid crystal composition (A) described below The 
temperature characteristics of the pitch of this sample were then measured. These 
results were 5.2 jun at O-C, 4.9 pm at 25«'C, and 4.8 pm at 50-C. From these results it 
can be calculated that the HTP value for the compound (Vl-e) is 19.2 at 0°C, 20.4 at 
25°C, and 20.8 at 50»C, and that the temperature dependency of the pitch is negative. 
Furthermore using a contact method, the twist direction for the compound was confirmed 
as being clockwise. When the compound represented by the formula (Vll-h) was added 
and measured in the same manner as described above, the pitch results were 11.7 Mm at 
0»C, 12.3 Mm at 25°C, and 13.4 pm at 50°C. From these results it can be calculated that 
the HTP value for the compound (Vll-h) is 8.5 at 0°C, 8.1 at 25»C, and 7.5 at 50°C. 
The temperature dependency of the pitch is positive. Furthermore using the contact 
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method, the twist direction for the compound was confmned as being clockwise, the 
same as that for the compoimd (Vl-e). 
(Composition A) 



-oqjij 2% 



F 

CN 40/0 C4i-^QKC0O-^Q^ 



OQHg 2% 



7% 



6% 



(A) 



c^.-<Q>-tec-^;Py-oai 

F 



6% 



8% 



7% 
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(Vl-e) 




CH3 

As a sample of the liquid crystal composition (B) 6.40/0 of the compound represented by 
the formula (Vl-e) and 2O.70/0 of the compound represented by the formula (Vll-h) were 
added to a liquid crystal composition (A). The liquid crystal composition (B) was 
5 injected into a cell of thickness 5 m„, and subsequent measurement of the wavelength 
selective reflection revealed results of 563 nm at OX, 561 mn at 25«>C, and 565 mn at 
50°C. From these results, it can be calculated that the temperature dependency of the 
wavelengdi selective reflection for the temperature range fix>m O^C to 50«'C, namely 
AWo.50, is 0.0071, the temperature dependency of the wavelength selective reflection for 
10 the tempemture range from O'C to 25<>C, namely AW0.25, is -0.0142, and the tempei^ture 
dependency of the wavelength selective reflection for the temperature range from 25<>C 
to 50»C. namely AW25-50, is 0.0284. Furthermore, the liquid crystal composition (B) 
showed a chiral nematic phase following low temperature storage tests at -2000, 0°C and 
15°C. 

15 (Comparative Example 1) 

As a sample of the liquid crystal composition (C), 16.8% of the compound 
represented by the formula (Vl-e) was added to a liquid crystal composition (A). The 
liquid crystal composition (C) was injected into a cell of thickness 5 Mm, and subsequent 
measurement of the wavelength selective reflection revealed results of 780 nm at 0»C. 
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561 nm at 25<'C, and 514 nm at 50°C. From these results, it can be calculated that 
AWo.50 is -0.8223, AW0.25 is -1.3065, and AW25.50 is -0.3498. 
(Comparative Example 2) 

As a sample of the liquid crystal composition (D), 38.5% of the compound 
5 represented by the formula (Vll-h) was added to a liquid crystal composition (A). The 
liquid crystal composition (D) was injected into a cell of thickness 5 nm, and subsequent 
measurement of the wavelength selective reflection revealed results of 515 nm at 0°C, 
565 nm at 25°C, and 605 nm at 50°C. From these resuhs, it can be calculated that 
AWo.50 is 0.3214, AW0.25 is 0.3704, and AW25.50 is 0.2735. 
0 (Comparative Example 3) 

As a sample of the liquid crystal composition, 1% of the compound represented 
by the formula (Ill-b) was added to a liquid crystal composition (A). The temperature 
characteristics of the pitch were then measured. The results were 5 1 ^im at 0°C, 42 nm 
at 25°C, and 39 at 50°C. From these results it can be calculated that the HTP value 
! for the compound (Hl-b) is 2.0 at 0°C, 2.4 at 25°C, and 2.6 at 50°C, and that the 
temperature dependency of the pitch is negative. Furthermore using a contact method, 
the twist direction for the compound was confirmed as being clockwise. When 1% of 
the compound represented by the formula (Vl-g) was added to a sample of the liquid 
crystal composition (A). The temperature characteristics of the pitch were then 
measured, the results were 8.9 ^m at 0°C, 9. 1 ^m at 25°C, and 9.6 nm at 50X. From 
these results it can be calculated that the HTP value for the compound (Vl-g) is 11.2 at 
0°C, 11.0 at 250c, and 10.4 at 50°C, and that the temperature dependency of the pitch is 
positive. Furthermore using the contact method, the twist direction for the compound 
was confirmed as being clockwise. 
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CH, 



CHq 



A liquid crystal composition (E) was prepared by adding 30% of the compound 

represented by the formula (Ill-b) and 23% of the compound represented by the formula 

(Vl-g) to a sample of the liquid crystal composition (A), so as to achieve a wavelength 

selective reflection of 560 nm at 25°C, but the resulting composition did not show a 

liquid crystal phase at room temperature. 

(Comparative Example 4) 

As a sample of the liquid crystal composition (F), 3.2% of the compound 

represented by the formula (VI-c) and 27.9% of the compound represented by the 

formula (Vl-g) were added to a liquid crystal composition (A). The liquid crystal 

composition (F) was injected into a cell of thickness 5 nm, and subsequent measurement 

of the wavelength selective reflection revealed results of 558 nm at 0°C, 561 nm at 25°C, 

and 580 nm at 50°C. From these results, it can be calculated that AWo-so is 0.0808, 

AWo.25 is 0.0214, and AW23.50 is 0.1401. Furthermore, although the liquid crystal 

composition (F) showed a chiral nematic phase following low temperature storage tests 

at 15°C and 0°C, in the low temperature storage test at -20°C, precipitation occurred. 

C2H5 . 

OC^CH-<|Q) (VI-c) 

(Example 2) 

As a sample of a liquid crystal composition (I), 11.2% of the compound 
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represented by the formula (Vl-e) and 4.8% of the compoxmd represented by the formula 
(Vll-h) were added to a liquid crystal composition (H). The liquid crystal composition 
(I) was injected into a cell of thickness 5 pm, and subsequent measurement of the 
wavelength selective reflection revealed results of 558 nm at O^'C, 560 nm at 25°C, and 
560 nm at 50°C. From these results, it can be calculated that AW0.50 is 0.0072, AW0.25 
is 0.0143, and AW25-50 is 0. Furthermore, the liquid crystal composition (I) showed a 
chiral nematic phase following the low temperature storage tests at -20*'C, O^'C and 15**C. 



F 
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(Example 3) 

As a sample of the liquid crystal composition (J), 8.5% of the compound 
represented by the formula (VI^) and S.5% of the compound represented by the formula 
(Vl-g) were added to a liquid crystal composition (H). The liquid ciystal composition 
5 (J) was injected into a cell of thickness 5 ^tm, and subsequent measurement of the 
wavelength selective reflection revealed results of 563 nm at 0<>C, 561 mn at 25°C. and 
561 nm at 50°C. From these results, it can be calculated that AW0.50 is -0.0071, AW0.25 
is -0.0142, and AW25-50 is 0. Furthermore, the liquid crystal composition (J) showed a 
chiral nematic phase following the low temperature storage tests at -20»C, CC and I50C. 
1 0 (Comparative Example 5) 

As a sample of the liquid crystal composition (K), 10.26% of the compound 
represented by the formula (Vl-f) and 0.54% of the compound represented by the 
formula (Vl-g) were added to a liquid crystal composition (H). The liquid crystal 
composition (K) was injected into a cell of thickness 5 ^, and subsequent measurement 
15 of the wavelength selective reflection revealed results of 560 mn at 25°C, and 561 mn at 
50OC. At 0»C, precipitation occurred and measurement proved impossible. The value 
of AW25.50 was 0.0071. Furthennore, in the low temperature storage tests using the 
Uquid crystal composition (K) at -20«>C, 0°C and 15'>C, precipitation occurred. 
(Comparative Example 6) 

20 As a sample of the liquid crystal composition (L), 5.0% of the compound 

represented by the formula (Vl-f) and 5.0% of the compound represented by the formula 
(Vl-g) were added to a liquid crystal composition (H). The liquid crystal composition 
(L) was injected into a cell of thickness 5 ^, and subsequent measurement of the 
wavelength selective reflection revealed results of 637 mn at 0<>C, 665 nm at 25»C, and 
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671 mn at 50°C. From these results, it can be calculated that AW0.50 is 0.1040, AW0.25 
is 0.1720, and is 0.0359. Furthennore. although the liquid crystal composition 

(L) showed a chiral nematic phase following the low temperature storage test at I50C, in 
the low temperature storage tests at OX and .20°C, precipitation occurred. 
5 (Example 4) 

As a sample of a liquid crystal composition (N), S3% of the compound 
represented by the formula (Vl-e) and 8.30/0 of the compound represented by the formula 
(Vl-g) were added to a liquid crystal composition (M) shown below The liquid crystal 
composition (N) was injected into a cell of thickness 5 ^m, and subsequent measurement 
10 of the wavelength selective reflection revealed results of 559 mn at O^C, 560 mn at 250C, 
and 560 nm at 50°C. From these results, it can be calculated that AW.so is 0.0036, 
AW0..3 is 0.0071, and AW..,o is 0. Furthermore, the liquid crystal composition (N) 
showed a chiral nematic phase following the low temperature storage tests at .20oC, O'C 



and 15°C. 
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C2H 



CsH 



C4I 




C2H: 





COO 



COO-^^— CN 
.F 

s 




COO-<( )>— CN 
F 






CN 



CN 



C4Hs^-H^^J)_CO(>-^;^)_CN 



C3H 




4% 



4% 



7% 



8% 



10% 



8% 



12% 



12% 



7% 



9% 



6% 



4% 



7% 



2% 



(M) 
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(Example 5) 

As a sample of the liquid crystal composition (O), 11.2% of the compound 
represented by the formula (Vl-e) and 4.8% of the compound represented by the fonnula 
(Vn-h) were added to a liquid crystal composition (M). The liquid crystal composition 
5 (O) was injected into a ceU of thickness 5 nm, and subsequent measurement of the 
wavelength selective reflection revealed results of 563 nm at OX. 560 nm at 25°C, and 
562 nm at 50'>C. From these results, it can be calculated that AW0.50 is -0.0036, AW0.25 
is -0.0214, and AW25-50 is 0.0143. Furthermore, the liquid crystal composition (O) 
showed a chirai nematic phase following the low temperature storage tests at -20»C, 0°C 
10 and 15°C. 

(Comparative Example 7) 

As a sample of the liquid crystal composition (P), 9.22% of the compound 
represented by the formula (Vl-f) and 0.5% of the compound represented by the formula 
(Vl-g) were added to a liquid crystal composition (M). The liquid crystal composition 
(P) was injected into a cell of thickness 5 ^m, and subsequent measurement of the 
wavelength selective reflection revealed results of 560 nm at 25°C, and 565 nm at 50°C. 
At 0°C, precipitation occurred and measurement proved impossible. The value of 
AW25.50 was 0.0356. Furthermore, in the low temperature storage tests using the liquid 
crystal composition (P) at -20°C, 0°C and 15°C, precipitation occurred. 
(Comparative Example 8) 

As a sample of the liquid crystal composition (Q), 5% of the compound 
represented by the formula (Vl-f) and 5% of the compound represented by the formula 
(Vl-g) were added to a liquid crystal composition (M). The liquid crystal composition 
(Q) was injected into a cell of thickness 5 jmi, and subsequent measurement of the 
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wavelength selective reflection revealed results of 637 nm at 0°C, 654 nm at 25°C, and 
671 nm at 50°C. From these results, it can be calculated that AW0.50 is 0.1040, AW0.25 
is 0.1053, and AW25-50 is 0.1026. Furthermore, although the liquid crystal composition 
(Q) showed a chiral nematic phase following the low temperature storage test at 15°C, m 
the low temperature storage tests at 0<»C and -20»C, precipitation occurred. 
(Example 6) 

As a sample of a liquid crystal composition (S), 11.25% of the compound 
represented by the formula (Vl-e) and 8.5% of the compound represented by the formula 
(Vll-h) were added to a liquid crystal composition (R) shown below. The liquid crystal 
composition (S) was injected into a cell of thickness 5 ^m, and subsequent measurement 
of the wavelength selective reflection revealed results of 564 nm at 0°C, 562 nm at 25°C, 
and 562 nm at 50°C. From these results, it can be calculated that AW0.50 is -0.0071, 
AWo.25 is -0.0142, and AW25-50 is 0. Furthermore, the liquid crystal composition (S) 
showed a chiral nematic phase following the low temperature storage tests at -20°C, 0°C 
and 15°C. 
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(Comparative Example 9) 

As a sample of the liquid crystal composition (T), 6.98% of the compound 
represented by the fonnula (Vl-f) and 4.65o/« of the compound represented by the 
formula (Vl-g) were added to a liquid crystal composition (R). The liquid crystal 

5 composition (T) was injected into a cell of thickness 5 ^m, and subsequent measurement 
of the wavelength selective reflection revealed results of 558 nm at OX, 559 nm at 25°C, 
and 552 nm at 50°C. From these results, it can be calculated that AW0.50 is -0.0216, 
AWo.25 is 0.0072, and AW25-50 is -0.0504. Furthennore, although the liquid crystal 
composition (T) showed a chiral nematic phase foUowing the low temperature storage 

3 test at 15'>C, in the low temperature storage tests at 0°C and -20°C, precipitation 
occurred. 
(Example 7) 

As a sample of a liquid crystal composition (V), 10.87% of the compound 
represented by the formula (Vl-e) and 7.88% of the compound represented by the 
fonnula (Vll-h) were added to a liquid crystal composition (U) shown below The 
liquid crystal composition (V) was injected into a cell of thickness 5 jun, and subsequent 
measurement of the wavelength selective reflection revealed results of 563 nm at 0°C, 
562 mn at 250C, and 563 mn at SO^C. From these results, it can be calculated that 
AWa.50 is 0, AWo.25 is -0.0071, and AW25.50 is 0.0071. Furthermore, the liquid crystal 
composition (V) showed a chiral nematic phase following the low temperature storage 
tests at -20°C, O^C and 15°C. 
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F 




(Comparative Example 10) 

As a sample of the liquid crystal composition (W), 7.32% of the compound 
represented by the formula (Vl-f) and 3.69% of the compound represented by the 
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fonnula (Vl-g) were added to a liquid crystal composition (U). The liquid crystal 
composition (W) was injected into a cell of thickness 5 ^mi, and subsequent measurement 
of the wavelength selective reflection revealed results of 559 nm at 0»C, 560 nm at 25°C, 
and 561 nm at 50°C. From these results, it can be calculated that AW0.50 is 0.0071. 
AWo.25 is 0.0071, and AW25.50 is 0.0071. Furthermore, although the liquid crystal 
composition (W) showed a chiral nematic phase following the low temperature storage 
test at 15°C, in the low temperature storage tests at OX and -20°C, precipitation 
occurred. 
(Example 8) 

As a sample of a liquid crystal composition (AB), 11.1% of the compound 
represented by the formula (Vl-e) and 8.9% of the compound represented by the formula 
(Vll-h) were added to a liquid crystal composition (AA) shown below. The liquid 
crystal composition (AB) was injected into a cell of thickness 5 ^un, and subsequent 
measurement of the wavelength selective reflection revealed results of 561 nm at O^C, 
560 mn at 25°C, and 562 nm at 500C. From these results, it can be calculated that 
AWo.50 is 0.0036, AWo.25 is -0.0071, and AW25-50 is 0.0143. Furthennore, the liquid 
crystal composition (AB) showed a chiral nematic phase following the low temperature 
storage tests at -20*0, O^C and 15''C. 
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(Comparative Example 11) 

As a sample of the liquid ciystal composition (AC), 6.30/, of the compound 
represented by the formula (Vl-f) and 6.2% of the compound represented by the formula 
(Vl-g) were added to a liquid crystal composition (AA). The liquid crystal composition 
(AC) was injected into a cell of thickness 5 ^un. and subsequent measurement of the 
wavelength selective reflection revealed results of 558 nm at O^C, 561 mn at 25^. and 
562 nm at 50°C. From these results, it can be calculated that AW0.50 is 0.0143, AWo.a5 
is 0.0214, and AW..0 is 0.0071. Furthermore, although the liquid crystal composition 
(AC) showed a chix^ nematic phase following the low tempeiBture storage test at 15«>C, 
in the low temperature storage tests at 0°C and -20°C, precipitation occurred. 

The characteristics of each of the liquid crystal compositions are summarized in 

Table 1. 
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Table 1 




(For fte .20=C low t^r^, ^ ^ ^ ^^^^ ^ ^ 

.^resen^ a chtal ne^afc phase foUowtag tes, and fte symbol X «p«scn,s fte 
occu^nce of p^cipitadon foUo™„g to s.orage «s,. 1, to oompan-tive sample 5 
and to comparative example 7. to symbol ♦ mdiea«s to. because measu^nen. of to 
»avelengfl, selective ^flection »as no, possible a, 0«C. a value for AW.„ could »o. be 
calculated. hos. liquid crystal composition represents to compo^tion prior to 
addition of the optically active compounds.) 
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From the above results it is evident that the compositions of the examples show 
a smaller wavelength selective reflection temperature dependency than the liquid crystal 
compositions of the comparative examples 1. 2. 3. 6 and 8, and furthemiore. that the 
liquid crystal compositions of the examples show a superior low temperature storage 
5 stability when compared with the liquid crystal compositions of the comparative 
examples 3 through 11. 
(Example 9) 

As a sample of a liquid crystal composition (AE). 11.2% of the compound 
represented by the formula (Vl-e) and 4.8o/o of the compound represented by the formula 

10 (Vll-h) were added to a liquid crystal composition (AD) shown below The Uquid 
crystal composition (AE) was injected into a cell of thickness 5 ^m, and subsequent 
measurement of the wavelength selective reflection revealed results of 563 mn at 0°C, 
560 mn at 250C, and 566 mn at 50<'C. From these results, it can be calculated that 
AWo.50 is 0.0106, AWo.25 is -0.0214, and AW^s-so is 0.0426. Furthermore, the liquid 

15 crystal composition (AE) showed a chiral nematic phase following the low temperature 
storage tests at -20°C, 0°C and 15<>C. and the transition temperature (Tni) was 8I.30C. 
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(Example 10) 



When the transition temperature (Tni) for the liquid crystal composition (V) of 
the example 7 was measured, Tni was 76.6°C. 

From Ac above res* i, fa evident fta, liquid or^sW compositions 
described in Ac examples 9 a«J 10 are ehiral nemadc liquid erysWs to show a smaU 
welcngd, selective ..flection temperamre dependency, and moreover also offer a broad 
liquid crystal temperature range extending ftom at least 70»C to less Uhu -20»C. 



